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Total DNA from five Campylobacter species was digested with a mixture of XhoI and BglII restriction endonucleases and analyzed by Southern hybridization by using a probe complementary to the DNA coding for the 16S rRNA. Each of the Campylobacter species, including C. jejuni, C. coli, C. laridis, C. fetus, and C. upsaliensis, displayed a characteristic pattern. Although some bands may be common to different species, the simplicity of the hybridization pattern enabled us to discriminate among the different species of Campylobacter.
In industrial countries, Campylobacter coli and Camnpvlobacterjejuni are major agents of diarrheal diseases. C. coli and C. jejuni have been considered two separate species on the basis of DNA homology (1, 14, 18, 24, 35) . The test currently performed to distinguish between these two species is based on hippurate hydrolysis (13, 29) , although different studies have pointed out problems associated with this test (14, 15, 34) .
Most epidemiological studies have been based on serological methods (20, 25) , biotyping (2, 16, 19, 29) , plasmid analysis (3, 4, 32) , and restriction endonuclease DNA analysis (5, 6) . Recently, different methods based on rRNA (8, 9, 17) or DNA encoding rRNA (rDNA) composition have been proposed for organism identification. Grimont and Grimont (11) suggested that the restriction pattern of rDNA genes might provide useful information for species and type strain descriptions. Using total Escherichia uoli 16S and 23S RNAs as probes in Southern blot experiments, they observed one or several rDNA restriction patterns, depending on the degree of divergence, within a bacterial species.
The nucleotide sequence of rRNA from organisms of the three kingdoms appears to be very conserved in some regions of the 16S RNA and less conserved in surrounding regions (10, 36) . In the study reported here, we used a short synthetic probe hybridizing to a very conserved region of the 16S rDNA in order to reveal the Xliol-BglII polymorphism existing between the rDNA of different Cninpylobacter species.
While this work was in progress, Romaniuk and Trust (27) published a work based on a similar approach to identify Campylobacteîe species. Our results will be discussed with special reference to their work (27) and to that of Grimont and Grimont (11) .
MATERIALS AND METHODS
Bacterial strains, media, and growth conditions. The reference strains C. jejunli I Fig. 1A ) presented an additional 3.7-kb band.
C. lariidis Lior 34 and C. luindis NCTC 11352 (Fig. 1A) presented the same pattern characterized by a unique 2.4-kb band.
C. upsaliensis NCTC 11541 (Fig. lA) presented two bands of about 24 and 0.83 kb. The high-molecular-weight band appeared to be less intense than the 0.83-kb band. This could be due to a lower transfer efficiency of large DNA fragments than of small DNA fragments or to a lower sequence homology.
C. fètus subsp. fetits NCTC 10842 (Fig. lA) featured a pair of bands at the level of 6 kb. The two bands could only be individualized when the DNA load was lower (Fig. 1B) .
The four C. jejuinli reference strains presented three bands, suggesting the presence of at least three copies of the 16S rDNA in C. jejiunli. C. jCjuizii I Lior 4 (Fig. 1A) , C. jejuni NCTC 11168 (data not shown), and C. jejuni A4646 (data not shown) featured the same pattern, consisting of bands at 4.6. 11, and 15 kb. C. je/junfi NCTC 11848 (Fig. lA) displayed a different pattern characterized by three bands of 3.7, 6.3, and Il kb. This nitrate-negative C.j/'jll)li strain, described by Steele et ai. (31) . was considered a subspecies of C. jejuni by Owen and Dawson (23) .
Analysis of 100 clinical isolates of Campylobacter. The rDNA Xiol-Bg/II restriction-fragment-length polymorphism was assessed for 100 clinical isolates identified as C. jejunl, C. coli, C. /laidis, or C. euits as described in Materials and Methods. Out of the nine C. eoli strains tested, eight presented the same pattern as the reference strains Lior 8, Lior 44, NCTC 11366, and CCUG 11283 (Fig. 1B) . One strain (strain 205; Fig. 1B ) displayed an additional band of 2.4 kb that was also found in the pattern of the C. l/aitlis reference strains. Total DNA-DNA hybridization identified this strain as C. coli. The fact that the growth of strain 205 was inhibited by nalidixic acid further confirmed that this strain was not contaminated VOL. 27. 1989 MOUREAU ET AL. by a C. laridis strain. None of the human isolates had the hybridization patterns of C. coli Lior 1 . This result suggests that C. coli Lior 1 is not a good representative of the C. coli isolated in Western Europe.
The C. laridis isolated showed a 2.4-kb band, as in the reference strains (Fig. 1B) .
The six C. fetus strains tested displayed a pair of bands at the level of 6 kb, as in reference strain NCTC 10842 (Fig. 1B and data not shown).
In contrast with C. coli, C. fetus, and C. laridis, in which the patterns appeared to be very conserved, a rather high polymorphism occurred within the patterns produced by the C. jejuni isolates (Fig. 1C and data not shown) . However, the patterns of the 84 C. jejuni strains tested shared common features: a band at the level of 4.6 kb and two larger bands. The latter were not always separated on the 0.8% agarose gels but were readily apparent on 0.4% agarose gels (data not shown).
None of the human isolates had the hybridization pattern of C. jejuni NCTC 11848 and C. upsaliensis NCTC 11541. This is not surprising, since all our clinical isolates were resistant to cephalothin whereas C. upsaliensis and nitratenegative C. jejuni are known to be susceptible (31; K. Sandstedt and I. Ursing, 14th Int. Congr. Microbiol., abstr. no. P. B8-17, 1986 ). DISCUSSION A Southern blot analysis using a probe complementary to the 3' end of the 16S rRNA enabled us to discriminate among the five species of Campylobacter, i.e., C. jejuni, C. coli, C. laridis, C. fetus, and C. upsaliensis.
This kind of approach was first proposed by Grimont and Grimont (11) , who used total 16S and 23S rRNAs as probes. These probes hybridize with many fragments of DNA and permit leading strain discrimination and, hence, can Our approach is very similar to that of Romaniuk and Trust (27) . Our observation that C. jejuni contains at least three copies of 16S rDNA is in perfect agreement with the results of these authors. They used as a probe a 17-mer oligonucleotide complementary to a unique sequence present in the 5' domain of the 16S rRNA of several species of Campylobacter. This probe seems to be Campylobacter specific but the sensitivity of the probe was so far only tested on nine strains from four different species. In their study, the hybridization pattern did not always allow discrimination between C. jejuni and C. coli.
Our method was evaluated on 100 clinical isolates. All the XhoI-BglIl restriction patterns appeared to be species specific and, therefore, allowed for speciation of Campylobacter isolates. C. coli could be recognized by its conserved 0.8-kb hybridizing fragment. In some cases, C. coli had an additional band of either 3.6 (C. coli Lior 1) or 2.4 (C. coli 205) kb. C. laridis had a unique 2.4-kb hybridizing fragment, and C. fetus showed a doublet at 6 kb. C. upsaliensis had two hybridizing fragments: one at 0.83 kb and one faint band of a size larger than 24 kb. With C. jejuni, we observed a rather high degree of polymorphism, but a general profile could be recognized: three hybridizing fragments of sizes larger than 4.6 kb.
We think that hybridization methods 
